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Abstrac! 

Mum than 36.000 km of Deep Seismic Sounding (DSS) proliles have been collected in China since 1958. Hov, exer. 
the results of these proliles are not well known in the West due to the language barrier. In this paper, v,e stunmarize the 
crnstal structure of China wJlh a new contour map of crustal thickness, nine representati',e crustal columns, and map,, 
show ing prolile locations, average crustal veh~'ity, and P, ,,.elocity. The most remarkable aspect of the cruMal structure of 
( 'hina is the well known 70+ km thickness of the crust of the Tibetan Plateau. The thick (45-70 kml crust of western 
( 'hina is separated from the thinner (30--45 kin) crust of eastern China by the north-south trending seismic belt 4105°[-I. 
The average crustal velocity of China ranges from 6.15 to 6.45 km/s. indicating a felsic-to-intermediate bulk crustal 
composition. Upper mantle (P,,) velocities are 8.0 4-0.2 kin/s, equal to the global continental averagc. We interpret these 
rest|Its in terms of the most recent thermo-tectonic events that have modilied the crust. In much of eastern ('hma. Cenozoic 
crustal extension has produced a thin crust with a Io~ a~erage crustal velocity, similar to weqern Europe and the Basin 
and Range Prmincc. western [JSA. It+ ,,+estem ('hina. Mesozoic and ('ellOZoic arc-ct+ntJllent :.lnd continet~t-continent 
collisions have led to crustal growth and thickeumg. Inlerences on the process of crustal thickening are prm:ided b) the 
deep crustal velocity structure as determined by DSS proliles and other seismological studies. A high velocity (7.0--7.4 
km/sl Io,a.er-crustal layer has been reported m western China only beneath the southernmost Tibetan Plateau. We identify 
this high-vel~city layer as the cold lower crust of the subductmg Indian plate. As the Indian crust ix injected northward 
into the "l'ibetan lower crust, it heats and assimilates by partial mehmg, a process that results in a reduction in the seismic 
velocity of the lower crust in the central and northern Tibetan Plateau. 4> 1998 Else',ier Science B.V. All rights reserxed. 
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!. Introduct ion 

T h e  geology o f  China  is highly diverse and 

records at history of  crustal evolut ion from the 
Archean core of  the S i n o - K o r e a n  platlk)rm to ac- 
tive c o n t i n e n t - c o n t i n e n t  col l is ion in Tibet  (Fig. 1). 

• ('orrcspondin,.z author. Fax: t I 650 329 5163. I{-mail: 
lll(IIl[l{.') (tl andrcas.wr.usg,,.go,, 

In addit ion.  China  is a country  with a large popula-  
tion and high levels of  seismic activity. Knowledge  

of  the regional crustal structure is therefore impor- 
tant for the de te rmina t ion  of  ep icenua l  locations,  and 
for relat ing seismici ty  patterns to late,'al variat ions in 
crustal properties.  

Approximate ly  36,(XX) km of  deep seismic sound-  
mg (DSS) proliles have been recorded by several in- 
st i tutions in cont inenta l  China  since 1958, pr imari ly  

O04(I-It)51/g~/$1~.L(X) ! 19~.~4 Eb, evicr Science B.V. All righb, reserved. 
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Fig. I. Tectonic sketch map of (. 'hma (after Huang ct al.. 1980L Nearl,, all geologic pro,,mce,, ha',c been sur' ,cvcd u ith ~,cisrnic rcl'raction 
proliles (Fig. 21. 

by the State Seismological Bureau (SSB) of China, 
the country's main I)SS research group. In this paper, 
we begin with a brief description of the geologic and 
seismoteetonic setting of China, and then summarize 
the main results of DSS investigations. While some 
of the results from these DSS proliles are known in 
the West, much inl'orn+ation has not left China due to 
the language barrier. We provide a broad overview of 
the crustal structure of China rather than a detailed 
discussion of each protile. 

2. Geology and tectonics of China 

Like many other continental regions, the geol- 
ogy of China consists of Precambrian platforms 
surrounded by accreted terranes and fold belts of 
various ages. These tectonic elements were lirst as- 
sembled in the Paleozoic Era, but have been fur- 

tiler deformed and rearranged m multiple episodes 
throughout the Mesozoic and Cenozoic. The follow.- 
ing geologic summary is based on reviews by Zhang 
et al. (19841, Dewey et al. (1988). Windley (1995). 
Carroll et al. (1995), and Goodwin (1996). 

There are three Precambrian platforms in China: 
the Sino-Korean platform, the Yangtze platform, and 
the Tarim basin (which, despite its common name in 
Western literature, is referred to  as a platlorm in Chi- 
nese literature: t:ig. 1). The Sino-Korean platlorm 
coalesced in the early Archean through Early Pro- 
terozoic, it was largely consolidated by 2.0 Ga. The 
Yangtze platform contains igneous and metamorphic 
rocks thai range in age from late Archcan through 
Late Proterozoic. This ph~tlbrm was consolidated 
and stabilized after the Yangtze orogeny (ca. 825 
Ma.). The Tarim basin of NW Chimt consists of :t 
nucleus of Archean through Protcrozoic a,,e covered 
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by thick Cenozoic sediments. The Tarim basin and 
Sino--Korean platform collided with the Siberian era- 
ton in the early Paleozoic. creating an east-west  arc 
of  lk',ld belts across northern China (Fig. 1 ) and form- 
ing the Paleo-Asian supercontinent. The Yangtze and 
Sim)-Korean phitforms, which had been separated 
by the Paleo-Tethys Ocean, collided in the carl,,' 
Mesozoic to lk)rm the Qinling fold system. 

The South Chiria fold system of SE China (Fig. 1) 
is a composite of  Late Proterozoic through Mesozoic 
orogens developed from three continental fragments 
now joined tit two well-delined suture zones. The 
region was stabilized by the beginning of  the Jurassic 
(Hsu et al., 1990). 

South of  the Tarirn basin, the Kunlun fold system 
and the Tibetan Plateau (which may be subdivided 
into live fold systems that beconle younger to the 

south; Fig. 1 ) consist of  a series of  micro-continen- 
tal fragments, collapsed ocean basins, accretionary 
metasedimcntary rocks, and volcano-plutonic arcs 
that assembled at the southern margin of  Eurasia 
after the breakup of Gondwana. The most recent 
major orogeny m southerrl Eurasia is the Hirnalawul 
collision (comrnencing ca. 45 Ma). and has been 
marked by 2(XiO km of convergence between India 
and Eurasia. 

3. C r u s t a l  s t r u c t u r e  ot" C h i n a  

3.1. I'l~lilv Io('alions. dala acquisit ion and 
inwq,~ ' la l ion  

The crustal structure of  China has been well in- 
vestigated with DSS profiles concentrated in regions 



108 S'. l.i. W l). M . v . c ~  l I}'ctCmOldl~ ~i('~ 2,'48 ¢ 1u9,';i IlLs I I.; 

"l~ahlc I 

Briel dc,,criplion ot" the [)SS profile,, 

Prolile Region Reference 
lltlnlbk'l • 

I I' Norlll Clm'~a plain and adjacent Sun el al.. 1988 
regions 

2 l.o',~¢r I.iao Ri~er plato I.u cl al.. 198X 
3 Norlh ( 'h ina  plain and Qinling Ihl el all.. 1988 

t'oldcd region 
4 QinlirL,4 folded region l)ing cl al.. 1988 
5 Qinling folded region and Yangtze ('hell :.tlld (;ao. 1t)88 

quasi-plall 'orm 
6 Yangtze qttasi-platlornl and South tTnitcd ()bsclxir~g (;roup. 1988 

('hilld folded region 
7 South ( 'hJna Ioldcd region United Obscr ' . ing (.]rotlp. 1988 
S I lengyang basra, Youxian basin arid I,i arid Xu. 1988 

( ' ha l ing-Yongxing  basin 
9 SoulhcaM C,,I..tMal fold bull l . iao cl al.. 1988 

I0 (;uilin uplift and Yishan uplift I , iuzhou I'~xplosion Research (iroup. 1988 
II Soulh ( 'h ina  t'oldcd region l , iuzhou I;xplosion Research (;roup. 1988 
I2 ()rdos plafforna Zhang.  pcrs. commun.  
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of high population density and/or high levels of  seis- 
rnicity (Fig. 2). Table I provides a summary of 22 
published profiles; in addition, wc have used the 
results from 19 profiles that are not yet published 
(dotted lines in Fig. 2). Data quality, in terms of 
signal-to-noise ratio, is generally very good. 

A variety of rncthods have been used to interpret 
the DSS data reported here. By far the most common 
method is the interpretation of seismic travel times 
and amplitudes using either one- or two-dimensional 
(I D and 2D) modeling methods (of. Mooney, 1989). 
in reversed DSS profiles, seismic velocities arc di- 
rectly measured, while depths of refraction (or re- 
flection) horizons are successively calculated from 
the uppermost layer to the deepest measured horizon 
(usually the Moho). Thus. seismic velocity determi- 
nations generally have lower errors than depth de- 

terminations. For the seismic prolile data compiled 
here+ seismic velocities are accurate to within 3c~, or 
about ±0.2  km/s. All boundary depths (including the 
Moho) are accurate to within 10% of the depth. 

3.2. Map,~ q[ ~'rustal parameters 

Crustal thickness is a parameter that is well 
determined by DSS proliles, since both refracted 
and reflected arrivals are usually observed from the 
Moho. However, the map of crustal thickness we 
present (Fig. 3) is the first complete contour map 
of the crustal thickness of  China based primarily on 
DSS data. Previous rnaps have been largely based 
on surface wave, gravity, topography, and geoelec- 
trical data (Compiling Group of Results of  Deep 
Exploration. State Seismological Bureau, 1986; Edi- 
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torial Board for the Lithospheric Dynamics Atlas of 
the Seismological Bureau, 1996). The contour map 
clearly divides China into an eastern portion with a 
crustal thickness of 30-45 kin, and a western portion 
with a thickness of 45-7(I kin. In western China. 
crustal thickness is positively correlated with topog- 
raph>. The 70-kin-thick crust beneath the Tibetan 
Plateau constitutes some of the thickest crust in the 
world (Teng et al., 1974. 1983: AIIbgre ct al., 1984: 
Him et al., 1984a.b: Tong, 1987), along with the cen- 
tral Andes of South America. The strong gradient in 
crustal thickness in central China (visible in gravi b 
as well as seismic data) is coincident with the north- 
south-trending seismic belt (105°E). In addition, the 
east-west-trending lold belts of western China either 
end at or abruptly change direction when crossing 
this seismic belt (Fig. It. 

Worldwide, P, velocities for continental mantle 
ranoe from 7.6 km/s to about 8.4 km/s (hi,zhcr values 
are occasionally reported; Christensen and Mooney, 
1995). Low P, velocities (7.6 -7.8 km/sl arc usually 
restricted to regions of thin (<35 km) crust with 
moderate to high heat flow, and high P, velocities 
correlate with thicker crust (>40 kml with Io,~ heat 
flow (i.e., stable continental intcriors l. 

Fig. 4 shows P,, velocities determined from re- 
fraction prolilcs in China. There is a weak tcndenc\. 
for northeast-southwest refraction profiles m show 
higher P-wave velocity values (8.1-8.2 kin/s), and 
for northwest-southeast prolilcs to s h o w  lower val- 
ues (7.7-8.0 kin/s). This indicates possible seismic 
anisotropy in the uppermost mantle of about 4q .  

Average crustal velocity, a parameter well deter- 
mined from DSS data, is of interest because it is 
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Prccambrian of Russia. arc not mca~,urcd in China. 

directly related to bulk crustal composition, assum- 
ing that the measured velocity has not been strongly 
reduced by anomalously high crustal temperatures 
or high pore pressure. A h)w average crustal ve- 
locity (6.0-6.3 km/s) is indicative of a dominantly 
felsic composition, and a higher average velocity 
{6.5-6.8 km/s) indicates a significantly more mafic 
crustal composition (Christensen and Mooney, 1995; 
Rudnik and Fountain, 1995). Fig. 4 summarizes the 
average crustal velocity for the prolilcs in China 
from which we were able to make reliable cal- 
culations. Significantly, most values arc less than or 
equal to the global average of 6.44 km/s (Christensen 
and Mooney, 1995). We interpret this to indicate a 
dominantly felsic to intermediate bulk crustal com- 
position, whereas "typical" (i.e., platlorm and shield) 

crust has a significantly more mafic composition. 
This raises the question of why much of the crust of 
China is "atypical" in terms of its composition. 

4. Crustal ewdution 

Crustal velocity columns (Fig. 5) provide insights 
into the evolution of the crust of China. The five 
crustal columns for eastern China all indicate a rela- 
lively thin (29-33 kin) crust, close to the continental 
global average for extended crust (30.5 kin), but 
significantly thinner than the global average of 39 
km (Christensen and Mooney, 1995). This obser- 
vation, along with geologic evidence, is consistent 
with Cenozoic crustal extension in eastern China 
(Hsu et al., 1990: Zhao and Windley, 1990). The 
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low average crustal velocity (Fig. 4) and uppermost 
mantle velocity (7.8-8.2 km/s) are consistent with 
this inference, as arc global t e l eg raph ic  models that 
indicate low shear-wave velocities in the upper man- 
tie (i.e., thin lithosphere) of  eastern China south of  
42°N (Suet  al., 1994: Zhang and Lay, 1996). North- 
eastern China (above 42°NI has no crustal refraction 
data, but global t e l eg raph ic  models (Ekstr6m et al., 
1997) provide evidence for a thick lithospheric root, 
and geologic evidence does not indicate signilicant 
Cenozoic crustal extension. 

The crustal columns for western China (Fig. 5) 
show thick crust that is characteristic of  young o r o -  

g e n i c  belts. Three of  the tbur columns differ from the 
thick crust of  shields in that they lack a high-velocity 
(7.0-7.6 km/s) lower crustal layer (Christcnscn and 

Mooney, 1995). These three crustal columns arc best 
considered in light el + recent seismological studies in 
western China that define crustal and upper-mantle 
properties on both a regional scale ( McNamara el al.. 
1994. 1995. 1996; Beckers el al.. 1994: Zhu ct al., 
1995) and locally for the southern Tibetan Plateau 
(Fig. I: Allegro et al., 1984; I | im et al., 1984a,b: 
Zhao et al., 1993; Nelson el al.. 1996: Makovsky el 
al., 1996a,b). These data are consistent with a model 
lk>r the evolution of  western China that is based o n  

the concepts proposed by Zhao and Morgan (19871 
and Nelson ct al. (1996). The key concept of  tiffs 
model is that the middle and lower crust of  the Ti- 
betan Plateau is a tluid-likc layer, and the crust of 
India is iniected into the Tibetan crust as an initially 
cold slab, but is heated and partially mehed after 
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nloving 200-300 km northward. Thus. the crust of 
India is assimilated into thc crust of  Tibct, i, llltt thc 
surface of the Plateau is raised by the increasing 
crustal volume. We interpret cohlmn (a)(Fig.  5 ) t o  
show the high-velocity (7. I kln/s) hlwer crust of  the 
hldian shield prior to its heating and assimilation 
trite thc lower crust of  Tibet. Such a high-velocity 
lower crustal layer appears to be missing beneath the 
centnll and northern Plateau. Bordering the Plateau, 
the thick crust of  Sichuan Province Icolunm c) and 
Western Yunnall Province (co]unln d) appears to re- 
llect the caslward extrusion ( 'escape' )  of this crust 
from the Tibetan Plateau (Tapponnicr et al.. 1982). 

in summary, the crustal structure of China closely 
rellects the unost recent thermo-tectonic event that 
has modilied lhe crust. The most recent processes 
thal tmvc dominated crustal evolution are conlinenl- 
continenl collision (western China) and crustal ex- 
tension (easlern Chiria). Despite the long history of 
mruslal evolution, very little stable conlinenial crusl 
with "typical" seismic properties has been formed Io 
dale in China. 
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